Background. It is known that anti-citrullinated protein (a-CCP) antibodies and rheumatoid factor (RF) can be present in systemic sclerosis (SSc) patients, particularly with joint involvement.
Introduction
Systemic sclerosis (SSc) is a multisystem disorder characterized by vascular damage, immune activation and fibroblast activation, changes which lead to a progressive thickening of the skin with structural and functional abnormalities of different organs. Musculoskeletal involvement is present in 24-97% of SSc patients. [1] [2] [3] A more common manifestation is arthralgia, whereas arthritis is rare. 4, 5 Hand involvement is often the first clinical manifestation of SSc. 6, 7 Symmetrical polyarthritis similar to rheumatoid arthritis (RA) can also be found in SSc, but it particularly characterizes a systemic sclerosis-rheumatoid arthritis (SSc-RA) overlap syndrome. 2, [8] [9] [10] In some cases, arthritis in the course of SSc and SSc-RA overlap syndrome can be very difficult to distinguish. It is known that the main serological markers for diagnosing RA are anti-citrullinated protein (a-CCP) antibodies and rheumatoid factor (RF). These parameters can be present in SSc patients, particularly with joint involvement. 1, 2, 8 The aim of the study was to assess the prevalence of a-CCP antibodies and immunoglobulin M class (IgM) RF, and the relationships between their presence and joint manifestations in patients with SSc.
Material and methods
The study included 100 European Caucasian SSc patients (82 female and 18 male) hospitalized consecutively in the Department of Rheumatology and Connective Tissue Diseases (Lublin, Poland). The patients fulfilled the American College of Rheumatology (ACR) classification criteria of SSc (Table 1) .
11 Serum samples were obtained from 100 patients and a joint examination was performed at the same time. Anti-citrullinated protein antibodies and IgM RF were determined using the enzyme-linked immunosorbent assay (ELISA) commercial test : EUROIM-MUN for IgM RF (EUROIMMUN AG, Lübeck, Germany) and INOVA for a-CCP antibodies (INOVA Diagnostics, San Diego, USA). The test kit was used according to the manufacturer's suggested procedures. The samples were classified as negative for a-CCP antibodies at <20 units and negative for IgM RF at <30 RU/mL. Two markers of inflammation, erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), were also determined. The samples were classified as negative for ESR at <16 mm/h for women and at <11 mm/h for men, and at <10 mg/L for CRP. Joint involvement was assessed according to clinical manifestations, such as arthralgia or arthritis. Arthralgia was assessed by involving 2 or more peripheral joints characterized by tenderness. Non-erosive arthritis was determined by involving 2 or more peripheral joints characterized by tenderness and swelling or confirmed by ultrasonography (USG). Moreover, flexion contractures, tendon friction rubs (TFRs) and finger-to-palm distance in flexion (FTP) were assessed. Finger-to-palm distance in flexion was determined by measuring the minimal distance (mm) between the nail tip of the middle finger and the transverse palmar creases in both hands (normally no distance can be measured). 12 Rheumatoid arthritis was diagnosed according to the ACR criteria. 13 Anti-topoisomerase I (a-Scl-70) and anti-centromere antibodies (ACA) were determined using a commercial test, the EUROLINE Systemic Sclerosis Profile (EUROIMMUN AG, Lübeck, Germany).
All calculations were performed with STATISTICA v. 10.0 software (StatSoft, Kraków, Poland). Data was analyzed using the non-parametric χ 2 test for comparisons between the groups. Quantitative data was assessed using the Mann-Whitney U test, whereas qualitative data was determined by the Yule correlation. Probability value p < 0.05 was considered statistically significant.
Results
According to our observations, 90 out of the 100 (90%) SSc patients had arthralgia, 34 (34%) SSc patients had arthritis and 24 (24%) SSc patients developed flexion contractures. Finger-to-palm distance in flexion was decreased in 26 out of 100 (26%) SSc patients, while 5 (5%) SSc patients had TFRs. An SSc-RA overlap syndrome was found in 6 (6%) SSc patients. The mean disease activity score 28 (DAS 28) in the group with an SSc-RA overlap syndrome was 4.46 ±1.29. The prevalence of IgM RF and a-CCP antibodies in SSc patients with and without joint manifestations is presented in Table 2 .
In the SSc study group without overlapped RA, 28 patients had arthritis, 65 patients were positive for IgM RF and 7 patients were positive for a-CCP antibodies. In the group of 28 SSc patients with arthritis, IgM RF was present in 19 patients (68%), at a high value in 15 (54%) patients and at a low value in 4 (14%) patients. Moreover, a-CCP antibodies were present in 4 out of 28 patients (14%) with arthritis, 3 (11%) with a high value and 1 (3%) with low. In the group of 66 SSc patients without arthritis, 46 patients (70%) were positive for IgM RF, 32 (49%) at a high value, 8 (12%) at a medium value and 6 (9%) at a low value. Anti-citrullinated protein antibodies were found in 3 (5%) SSc patients without arthritis, 1 (2%) with a high value and 2 (3%) with low. However, in the group of 46 patients with positive IgM RF without overlapped RA and without arthritis, 42 (91%) patients had arthralgia. Our findings indicated that the prevalence of IgM RF was significantly higher in the group with joint manifestations compared to the group without it (p = 0.0230). However, no significant intergroup differences in the presence of a-CCP antibodies were determined (Table 2) . Significantly higher concentrations of a-CCP antibodies (p = 0.0119) and CRP (p = 0.0201), as well as ESR (p = 0.0294) were observed in the SSc group with arthritis compared to the group without arthritis ( Fig. 1-3 ). The titer of IgM RF was not significantly higher in the SSc group with arthritis (p = 0.0713) than in the group without arthritis. Interestingly, a significant correlation was determined between the SSc group with arthritis and the presence of a-CCP antibodies (p = 0.013; Φ = 0.263) and between the SSc group with arthralgia and the presence of IgM RF (p = 0.025; Φ = 0.238). Moreover, a significant correlation was noted between the SSc group with arthritis and the concentrations of inflammatory parameters (ESR and CRP) ( Table 3) . 
Discussion
In the present study, we investigated the presence of serological parameters of joint involvement: a-CCP antibodies and IgM RF in SSc. According to our observations, a-CCP antibodies were found in 10% of SSc patients. Our findings are similar to those reported in the literature. Polimeni et al. demonstrated that in a SSc group, 7 of 78 (9%) patients were a-CCP positive.
2 According to Ingegnoli et al., the presence of a-CCP antibodies was detected in 8 of 75 (10.7%) patients with SSc. 1 Other studies showed that a-CCP antibodies were revealed in 18 out of 146 (12.3%), 3 out of 28 (10.7%), 11 out of 82 (13.4%), and 3 out of 114 (2.6%) SSc patients. 6, [14] [15] [16] [17] Moreover, Horimoto and Costa found a-CCP antibodies in 4 out of 24 patients (16.7%), but all patients had an SSc-RA overlap syndrome. 9 Based on literature data, we can suppose that a-CCP antibodies are a useful marker in identifying patients diagnosed with an SSc-RA overlap syndrome; however, these antibodies may also be positive in 7% of SSc patients without arthritis. 15 In our study, we also detected a-CCP antibodies in 10% of SSc patients without joint involvement. There are many data indicating a significant association between positive a-CCP antibodies and arthritis and bone erosions in SSc. 1, 6, 16, 17 According to our findings, there was a significant correlation between the group of SSc patients with arthritis and the presence of a-CCP antibodies; higher titers of a-CCP antibodies were observed in the SSc group with arthritis compared to the group without arthritis. Additionally, the prevalence of IgM RF in SSc was evaluated; IgM RF was detected in 71% of patients, which seems to be higher than in other studies. According to our research, the prevalence of RF in SSc ranged from 12% to 35% and may be positive in SSc patients without joint manifestations. 1, 6, 9, 15, 18, 19 Avouac et al. suggested that the RF test seems non-specific and does not distinguish SSc patients with musculoskeletal manifestations from those unaffected by them. 19 Rheumatoid factor may also be seen in patients with SSc associated with secondary Sjögren's syndrome, which is not uncommon in SSc patients. 19 However, our results revealed that the prevalence of IgM RF was significantly higher in the group with joint manifestations as compared to the group without joint manifestations. This observation seemed to be associated with the presence of a large number of SSc patients with joint manifestations in our study group. According to our study, 90% of SSc patients had joint manifestations and 71% were positive for IgM RF, but only 6% developed an SSc-RA overlap syndrome. The above results suggest that the presence of RF or a-CCP antibodies in SSc patients does not lead to a diagnosis of an SSc-RA overlap syndrome. According to literature data, the search for anti-CCP antibodies might be of great help in some infrequent cases of an SSc-RA overlap syndrome, but not in all situations. 19 Destructive joint disease in patients with SSc may suggest an overlap syndrome with RA. 6, 10 Numerous studies have reported such results. According to Arslan Tas et al., such radiographic findings as erosions, joint space narrowing and arthritis were less frequent in the SSc group, but acro-osteolysis, flexion contracture and calcinosis were more frequent than in the RA group. 6 The abovementioned radiological findings can worsen the prognosis. Apart from hand radiography, the potential of USG in the assessment of joint and tendon involvement in the course of SSc was evaluated. Some studies revealed that SSc patients with a history of arthralgia without arthritis developed synovial inflammation, which could be observed during an USG examination, particularly in the wrist and small hand joints. 20, 21 Another important finding was that TFRs were part of functional impairment in SSc. 22 Moreover, according to the largest worldwide database, joint and tendon involvement predict disease progression in SSc. 23 Using the latest data from the European League Against Rheumatism (EULAR) Scleroderma Trials and Research (EUSTAR) cohort, this prospective study investigating 1,301 patients with SSc demonstrated that joint synovitis and TFRs were strong independent predictors of skin progression and that positivity for a-Scl-70 antibodies and a history of digital ulcers were also predictive markers. Furthermore, joint synovitis was predictive of the occurrence of decreased left ventricular ejection fraction and the occurrence of new digital ulcers. 23 To sum up, according to literature data, hand arthropathy in SSc should alert one to functional damage, severe skin progression and serious internal organ involvement, particularly cardiopulmonary complications, which was the main cause of death in SSc. [24] [25] [26] [27] In conclusion, serological parameters which could predict severe articular involvement are needed. According to Generini et al., antibodies such as heterogeneous nuclear ribonucleoprotein isoform A1 and A2 antibodies (anti-hnRNP-A1 and anti-hnRNP-A2) may have some diagnostic value for joint involvement and the risk of developing erosive arthritis in SSc.
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Conclusions
Immunoglobulin M class rheumatoid factor and a-CCP antibodies seem to be a helpful tool to differentiate cases with joint manifestations, although not in all patients. In our study, arthralgia was a common manifestation in SSc patients and the prevalence of RF was high in this group. Furthermore, RF correlated with arthralgia and a-CCP antibodies correlated with arthritis in SSc patients. Our study requires further analysis with the results based on clinical picture, USG and radiological joint examinations.
